ABSTRACT "Aging" of excised cotyledons plus the top part of the hypocotyl of Amaranthus tricolor seedlings was carried out by washing in distilled H20 for varying periods. This led to increased betacyanin accumulation during the subsequent 24-hour induction period in the presence of tyrosine and Na+ + K phosphate. Endogenous accumulation as well as that dependent on added benzyladenine and on added fusicoccin was stimulated. This stimulation could not be due to a carryover of a wound-induced burst of ethylene since 2-chloroethylphosphonic acid (Ethrel) was shown to be extremely inhibitory to betacyanin synthesis if present during the induction process. It is possible that a wound-induced burst of ethylene could give rise to increased betacyanin synthesis as an after effect. The procedure for obtaining good induction with the most reproducible results is described.
obtaining good induction with the most reproducible results is described.
The accumulation of betacyanin in Amaranthus seedlings is a process which depends on gene activation and new enzyme synthesis (18, 19) . Experimentally, it is under the control of either cytokinins in the dark (3, 4) , or of the phytochrome system (3, 17) . It has been shown to have a requirement for K+ ions (6, 7, 9, 14) . Marked synergism has been reported between benzyladenine and fusicoccin, an agent which increases K transport across the plasma membrane (7) . Other membrane-associated conditions which affect the induction are water stress (8) and elevated temperatures (10) .
In the present paper, "aging" of excised cotyledons of Amar- anthus in distilled H20 was found to stimulate betacyanin accumulation greatly during the subsequent induction period and it is suggested that the development of a K transport system during this washing period may contribute to the increased response.
MATERIALS AND METHODS
Methods for the germination of seeds of Amaranthus tricolor and measurement of pigment produced have been described (8 bility in the results was encountered and shown to be due to conditions of water stress arising during the longer time taken to process seedlings and transfer them to induction medium. In order to protect against drying, seedlings were therefore cut quickly into distilled H20 and processed from there. Again the color development during induction was frequently greater in replicates the longer the time taken in transferring to the induction medium. The effect of "aging" of cut seedlings of Amaranthus for varying times on subsequent accumulation of betacyanin (during a 24-hr induction period at 25 C) is shown ( Fig. 1 ) to be an increase in endogenous synthesis, benzyladenine-dependent synthesis and fusicoccin-dependent synthesis.
The seedlings for these experiments were germinated for 46 hr at 37 C, and the possibility that the increase with time of "washing" was due to recovery from an initial shock on transferring seedlings from germination conditions at 37 C to distilled H20 at 25 C, was tested by repeating the experiment after germination for 96 hr at 25 C (Fig. 2) . Similar "aging" increases after germination at 25 C indicates that recovery from a temperature shock is not the cause of the phenomenon. There may be some slight osmotic effects as, on occasions, samples taken immediately after immersion have been lower than controls not immersed in distilled H20 but the recovery from this is evidently very rapid ifit does occur. Although the seedlings appeared identical and had the same fresh weight after the two germination treatments (46 hr at 37 C and 96 hr at 25 C), there is clearly a greatly enhanced synthesis of betacyanin in Figure 1 compared to Figure 2 . This temperature induction will be the subject of another report (10) .
The increased response due to aging may result, at least partially, from wounding. Since a burst of "wound" ethylene is apparently the agent in many such responses (1, 2, 12) the effect of ethylene on betacyanin synthesis was investigated (Table I) . At a concentration of 300 ,tg/ml however, Ethrel was extremely inhibitory to betacyanin synthesis if present during the induction period. Although ethylene is inhibitory during the induction process, the possibility that it may be a factor in the agingpretreatment can not be ruled out. The inhibitory action of ethylene during induction can be recognized as being an opposite effect to the stimulation observed with CO2 (9), this being thus another response in which CO2 and ethylene have antagonistic actions (1, 2 (Table  III) . Care should be taken then in this bioassay that all aspects of seedling pretreatment are rigidly controlled. The age of seedlings, temperature of germination, water status, aerating, and aging of cut seedlings in water followed by a second incision prior to induction are aspects which are important individually and in combination. The procedure which appears to give the best and most reproducible benzyladenine-dependent induction is to germinate at 37 C for 46 hr, drain the seedlings thoroughly (5 min) at ambient humidity and 25 C, cut cotyledons into a shallow layer of distilled H20 and after 2 hr recut on transferring to the induction medium.
DISCUSSION
Aging phenomena resulting from washing (adaptive aging) of plant tissue slices or stem or root pieces have been shown to activate lipid synthesis and membrane turnover, cyanide-resistant respiration, protein synthesis, ion transport, and ion selectivity (13, 21) . In the present work the over-all process of betacyanin accumulation in the vacuoles of cells in the cotyledons of Amaranthus has been shown to be stimulated by washing the excised tissues in distilled H20. There are a number of factors involved in this over-all process: exogenously added cytokinin, K ions, the substrate, tyrosine, and phosphate all stimulate so that the uptake of any of these substances could be the process activated by aging. Also involved are the synthesis of one or more enzymes in the betacyanin synthesis pathway, possibly the activity of these enzymes and transport of the product into the vacuole. There may Plant Physiol. Vol. 63, 1979 or GA) (20) . This work does not provide any answer as to which of these contributing factors is affected by the aging phenomenon, although, clearly, enhanced transport capacity is a likely candidate.
The stimulation of radish seed germination by fusicoccin is preceded by development of a K+ uptake capacity (5) , suggesting that a K+-activated ATPase present in membrane preparations is involved, linked to proton release (15) . The increase in the effect of fusicoccin on betacyanin synthesis following aging of seedlings seems likely to be due to the development of a similar K+ uptake capacity. One site of cytokinin action may also be on ion transport (7, 8) although there is some evidence in this case that Na+/K+ exchange may be involved as well as K+/H+ exchange. The fact that fusicoccin will not completely replace cytokinins in betacyanin induction, although it is much more effective in the uptake of labeled 42K and in proton secretion (Elliott, unpublished observations; see also 16) suggests either that cytokinins affect, in addition, some other component in the over-all process of betacyanin accumulation or that the K+ uptake system activated by benzyladenine has very different properties and consequences to that activated by fusicoccin.
